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SUMMARY 



The pressure distribution on the fuselage of a mid- 
wing airplane model was measured in the NACA 8~foot high- 
speed wind tunnel at speeds from 140 to 440 miles per 
hour for lift coefficients ranging from --0.2 to 1.6. Th^ 
primary purpose of the tests was to provide data showing 
the air pressures on various parts of the fuselage for 
Use in structural design. The data may also "be used for 
the design of scoops and vents. 

The results show that the highest negative pressures 
occurred near the wing and were more dependent on the 
wing than on the fuselage. At high speeds, the magnitude 
of the pressure coefficients as predicted from pressure 
coefficients experimentally determined at low speeds "by 

application of the theoretical factor ij J 1 - M'^ (where 
M is the ratio of the airspeed to the speed of sound in 
air) may misrepresent the actual conditions. At the 
points where the negative pressures occurred, 

however, the variation of the pressure coefficients was 
in good agreement with the theoretical factor, indicating 
that this factor may afford satisfactory predictions of 
critical speed, at least for fuselages si^^iilar to the 
shape tested. 



The local pressures on some parts of the fuselages 
of high-speed airplanes are so large that they must he 
considered in the structural design, especially of such 
parts as doors over homb hays and other openings. The 
primary purpose of the present investigation was to pro- 
vide data useful in the structural design of such parts. 
The data are also useful for the design of air scoops 
and. vents (reference l). 



INTRODUCTIOrJ 
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The tests were made in the IvACA 8-foot high-speed 
wind tunnel (reference 2) with a model wing mounted on 
a model fuselage without propeller or tail surfaces. The 
test speeds were extended up to 440 miles per hour to 
ascertain the effects of comipre ssi bility on the pressures. 
The fuselage angles of attack: ranged f roin -ci^ go corre- 
sponding to lift coefficients from -0.2 to l.O. The 
Beynolds number range, based on the mean chord of the 
model (17.22 in.), was 1.700,000 to 4,800,000. 



APPAEATUS AND METHOD 



The fuselage was a body of revolution of NACA form 
111 (reference 6) modified to a fineness ratio of 6.06« 
The wing (fig. l) was a l/S- scale model of the DC- 3 
transport wing, 'vhich has a root section of ITACA 2215 
profile, and was set at an incidence • of -1^ to the fuse- 
lage axis. The wing tips extended through the tunnel 
wall to support the model. Tail s'arfaces and propeller 
were omitted. Thirty-nine pressure orifices located as 
shown in figure 2 were used. The pressure tubes were led 
out of the tail end of th e f u s e lage ■ ( f ig . 1(b)) and con- 
nected to a mul t ip 1 e- tube manometer where all the pres- 
sures were photographically recorded at one time. This 
investigation was made in the NACA 6-foot high-speed wind 
tunnel, a single-return, clo sed- throat vjind tunnel, of 
circular cross section. 



RE SUITS 



The results have b e e n c or r ec t e d for constriction ef- 
fects and are presented as nond imens i ona 1 pressure coef- 
f ic lent s : 

v;her e 

^p local static pressure on fuselage less stat ic pres sure 
■ of air stream. 

q dynamic pressure of air stream (l/s pV ) 



• Th-e Mach number M is the ratio of the air speed to 
the speed of sound in air at the. t empe ratur e . of the tests- 
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In all the figures showing values of P for fuse- 
lage angles of attack = 0^ and 6^, the values for 
speeds helov/ 200 miles per hour (M = 0.265) v;ere taken 
from cross plots against af ; cons eq_uent ly , experimental 
points are not shov/n. The location of a point along any 
meridian of the fuselage is given hy ; x/L, v/here x is 
the distance along the axis of the fuselage measured from 
the nose and L is the length of the fuselage,. Figure 3 
is. a plot of the lift coefficient for -M = 0^182 ( 140 mph 
at 59^ I) for the fuselage angles of attack used in these 
tests, S'igures 4 to 8 present the press-are distributions 
along various meridians of the fuselage as plots of P, 
with the meridian angle (jd (fig* 2) and the fuselage 
angle of attack as parameters, for M.= 0.182. A compar- 
ison is shown in figure 9 "between experimental pressures 
obtained on the wing— f us elage . comh inat i on and the theoret- 
ical pressures on the fuselage alone and on the v/ing alone 
for af = 0^. Figures 10 and 11 show plots of P along 
the top and the "bottom meridians ( cu = 0^ and 180^), re- 
spectively, with af as a parameter, for M = 0.182, 

The variation of P with M at the different merid- 
ian angles is shown in figures 12 to 16 for = 0^, At 
high speeds, the scatter of the experimental points in- 
creases. This increase is mainly due to the use of mer- 
cury to measure the pressures at high speeds; whereas 
alcohol and carhon ' t etrachlor ide were used at lov/er speeds. 
The results for af = —1^ were essentially the same as 
those for af = 0^ and are therefore omitted. Compari- 
sons "between th e exp er im ent al v ar i at ion with speed of the 
maximum negative pressure coefficients aild the theoretical 

variation given "by Pq/v^I - K^, where P^ is the value 
of P at M = 0, are given in figure 17, 

. D.ISCUSS lOiT 



Figures 4 to 9 show, as v/ould be exprectcd, that the 
higher negative pressures on the fuselage- surface occurred 
near portions of the v/ing that produced th^ highest nega- 
tive pressures. At 1 ov/- speeds , the presence of the wing 
increased the maximum , negative- pressure coefficient on 
the fuselage from P = -0,140 to. -0.340. ( S.ee fig, 9,) 
A.t 400 milos per hour , the- load increased by 0,24q, which, 
at standard sea— level conditions,; represents approximately 
100 pounds per sq_uare foot, .I.t is believed that the in- 
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crease in air loads will De higher for points closer to 
the wing than for those used in these tests. 

Figure 10- shows that the maximum negative pressure 
coefficient along the top of the fuselage (go - 0^) is 
almost directly proportional to af ; figures 4 to 9 
snow that, along the 45^ meridian, the rate of change of 
the maximum negative pressure coefficient is greater and 
increases more rapidly as cx^- is increased, at least 
for the angles of attack used in these tests. The pres- 
sures over the fuselage alone were not measured, but p 
analysis of the pressures over an airship hull reported 
in reference 4 shows that the magnitude of the maximum 
negative pressu^res on the fuselage at large angles of 
attack will still he largely dependent on the wing. Fig- 
ures 5 and 8 show that an increase in af from 0*^ to 9'^ 
may triple the value of P. The inaximum structural 
loads, never thel c; ss , will generally occur at high speeds. 



For. two-dim-ensi onal flow, a theoretical variation 
of t he pres sure coefficient with speed is given by 

Pq/ 1 - li" (reference 5). deference 
of t"ests in the 8-foot high-soeed wind 
other tunnels show that, for airfoils, 
underestimate the effect of speed; the 



6 and the re suit s 
tunnel and i n 
the theory may 



most probable cause 
of the discrepancy is the assumption made in the develop- 
ment of the theory that the induced velocities are n^rli- 
gibly small. It has sometimes been assumed th?=^t the va ri- 
the 



ation of the pressure coefficient given by 

applies to three-dimensional as well as to 
flow. 



Po 
two 



/v 1 - M 
-dimensional 



Figures 12- to 16 indicate that, where the value of 
the pressure coefficient P was less than -0.2 at low 
speed, the coefficient decreased - that is, became more 
negative - as the speed was increased. At points where 
the value of P was betv/een -0.1 and -0.2 at low s"oeed, 
the coefficient remained virtually constant as the speed 
was increased; and, at points where the value of P was 
greater than -0.1 at low speed, the coefficient increased 
as the speed was increased. This apparent dependence of 
the type of pressure-coefficient variation on the magni- 
tude of P may be a coincidence. The type of variation 
m.ay .depend on t.he proximity of the wing and m.ay result 
from wing .and fuselage pressures following different rates 
of variation. There is need for further investigation of 
the way in which iDressures vary with speed. At points 
where the value of P was greater than -0.1 at low speeds, 
the effect of compressibility on the pressure coefficients 
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was opr)Osite from that expected on the "basis of tr:o- 
dimensi onal theory. The results show that ,. at high 
speeds, . the magnitude of the pressure, coefficients as 
predicted from pressure coefficients experimentally de~ 
terminv^d at low speed hy application of the theoretical 

factor \l J 1 i^.'!^ may misrepresent the actu^^l condi- 
tions. 

At the points on the fuselage where the maxi^mum 
negative pressures occurred, the effect of compr essihil- 
ity on the pressure coefficients agreed fairly well with 
the variation given hy the t wo-- d imens i on^ 1 theory, as is 
shown in figure 17, The "broken curve repr esent s the 
theoretical value of P given Dy Pq/ v 1 - I^'I^. Tne 
agreement is quite satisfactory uo to k ~ 0.6 and indi-- 
cates that the use of., this theoretical factor to calculate 
maximum loads due to negative pressures, although usually 
not conservative, may he permissible. This agreement 
also indicates that the maximum negative pressure coeffi- 
cients obtained from low-speed tests to predict approxi- 
mately the critical speed of the fuselage. This conclu- 
sion should he- considered tentative u.it-il investigated by 
tests of other m>odels. 

Although these tests made primarily to determine the 
air loads on the fuselage, they show the effect of wing- 
fuselage interference on the critical speed of an air- 
plane. A comparison of the pressure distribution for 
the fuselage alone with the pressure distribution for 
the fuselage and the wing combined (fig* 9) indicates 
that the critical speed of the fuselage in the presence 
of the wing will be lower than that of the fuselage alone 
(about loO m.TDh at 59^ p lower for this w ing- f u s elag e com- 
bination). The interference of the fusela^^e will act 
similarly to decrease the critical speed of the wing and, 
since the critical speed of the v/ing alone is generally 
lower than the critical speed of the fuselage alone, the 
wing of an airplane will generally have a critical speed 
lower than the critical soeed of the fuselage. 



CONCLUDIi:ia REMARKS 



1. The highest negative pressures on the fuselage 
occurred near the wing and were more deT^endent on the 
wing than on the fuselage. 



2. The results indicate that the critical speed of 
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the fuselage will "be decreased because of the velocities 
induced by the wing. The fuselage interference will 
likewise increase the local velocities on the wing and 
thereby decrease the critical speed of the wing. Inas- 
much as the local velocities on the wing are usually 
higher than the local velocities on the fuselage, the 
effect on the wing will be more critical. 

3. At high speeds, the magnitude of the pressure 
CO t;f f i c i en t s as predicted by the application of the the- 
oretical factor l/ y 1 - (where k is the ratio of 
the airspeed to the speed of sound in air) to pressure 
coefficients measured at low speeds may misrepresent the 
actual conditions. At the points where the inaxi^mum nega- 
tive pressures occurred, however, the variation of the 
pressure coefficient with speed was in good agreement 

with the factor l/ ^/ 1 - liP , at least up to ii = 0.58 
(44C mph at 59^ F), and may give satisfactory predictions 
of critical speed from d^ta obtained at low speeds. 



Langloy Memorial Aeronautical L^^boratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va . , September 11, 19^59. 
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Figs. 2, 3 
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Figure 2.- Location of pressure orifices on the fuselage, 



1.2 




F use/age angle of attach, ce, ,deg 

Figure 3.- Variation of lift coefficient with angle of attack 
for the wing-fuselage combination tested. 
M, 0.182; R, 1,760,000. 




1 




1 J 1 1 1 1 1~ 

Theory ( w/ng alone) 

Upper surface 

Lov^er 

Exp en men f ( combination J 



45"" /80 



Theory (fuseiage alone) 
90° approx. ' 




Figure 9.- Comparison of theoretical pressures cn the wing al ne 
and on the fuselage alone with the experimental 
pressures of the combination, o^, 0°; M, 0.182, 
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igure 12.- Effect of compressibility on pressure. 
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Figure 13.- Effect of compressibility on pres- 
sure* Of, QO; o), 450. 
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Figure 14.- Effect of compressibility on pressure. 
Of 5 QO; CO, approximately 90^. 
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Figure 15. 



Effect of compressibility on pressure.^-, 
af, 00; 0), 1350. oi 
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Figure 16. 



Effect of compressibility 
on pressure. 
Of, QO; 0), 1800. 



(a) Orifice 6. (b) Orifice 13. 
(c) Orifice 26. (d) Orifice 35. 
Figure 17.- Comparison of theoretical 
and experimental pressures, 
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Figs. 16, 17 
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